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CHAPTER I 
PREFACE 
There are four chapters in this thesis. Each chapter 
is written in the format for a specific scientific journal. 
Chapter II is written in the format for a brief report in 
the journal Folia Primatologica. Chapter III is written in 
the format for publication in the journal Zoo Biology_ The 
fourth chapter is a synopsis of the thesis. This work was 
funded by Tulsa Zoo Friends and Tulsa Zoo (Tulsa, OK, USA). 
1 
CHAPTER II 
FACTORS AFFECTING AGGRESSION IN CAPTIVE GROUPS OF DIANA 
MONKEYS, CERCOPITHECUS DIANA 
Introduction 
Diana monkeys are highly arboreal, rainforest dwe ll i ng 
guenons native to lowland West Africa [1,2]. As with many 
other primate species, these monkeys are threatene d with 
extinction [3]. Forest destruction and over-hunting are the 
primary causes of their decline [1,4-6]. Due to their 
arboreal nature and tendency to inhabit mid to upper-canopy 
layers of primary and secondary forest, tracking and 
observing Diana monkeys in the wild is difficult; therefore, 
few field studies have been conducted [2,7]. Upp er canopy 
layers of the rainfore st may be structurally complex. Thi s 
complexity could limit the amount of vi s ual contact b e tween 
monkeys in a social group and thus influe nc e s ocial 
behavior. 
The social group compositions observed in the fi eld 
have consisted of one adult male, multipl e adult females 
(presumed to be related) forming a female bonded core , and 
immature offspring [7-9]. In captivity, however, manage r s 
have encountered difficulties establishing and maintaining 
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groups which contain more than one adult female [10]. Tulsa 
Zoo recently conducted a survey of inter national and U.S. 
zoos housing Diana monkeys which showed that only 11 of 45 
groups (24%) currently maintain multiple adult females in a 
social group. Of this 11, seven contained related adult 
females. Attempts made by zoos to establish and maintain 
multiple adult females in a group have resulted in high 
levels of aggression and, in some instances, failure to 
achieve the desired, natural group composition [M.G. 
Williams, unpubl. data]. In addition to problems with 
aggression, captive animals are declining in numbers due to 
low rates of reproduction [10). Competition for limited 
space or other resources may also affect the success of 
Diana monkeys in captivity. In addition, the lack of visual 
barriers in a captive setting could conce iva b l y a ffe ct the 
success of a species adapted to this type of environme n t . 
Tulsa Zoo (Tulsa, OK, USA) has exhi b i t e d Di a na monke ys 
since 1963. During a 13 year period, 1983 to 1995 , Tul sa 
housed Diana monkeys in nine different group c omposit ions . 
Most of these groups were reproductively active . Thi s 
contrasts what has been reported for Diana monkeys at many 
other captive facilities [10]. My objectives for this study 
were to determine whether levels of aggression differe d 
among captive Diana monkey groups of various size s and 
compositions. If levels of aggression did differ, what 
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factors were associated with aggression. 
Materials and Methods 
Data on aggressive interactions were obtained from 13 
years (1983-1995) of daily keeper reports. Tulsa Zoo staf f 
are trained to record, on a daily basis, all observed 
occurrences of aggression, sexual interactions, and 
reproductive states for primates housed at the zoo. A 
genealogy of the Diana monkeys at Tulsa Zoo and animal 
holding records from the zoo's records department were used 
to obtain group compositions during different time periods. 
Data on aggression were then summarized by month. When 
possible, the identity (age, gender and relatedness) o f the 
individuals involved and the direction of the aggressive 
interactions were recorded. All of the Dian a mon ke y g r oups 
used in the analyses were housed in the same e xhibit, whi c h 
differed over time only in structures and substra t es located 
within the exhibit. In all groups containi ng mul t i pl e a du l t 
females, these females were related. 
ANOVA was used to test for difference s among t h e groups 
in overall levels of aggression and aggressive inte rac tions 
which resulted in injury, referred to as woundi ng 
aggress i on. A Tukey's a posteriori test was p e rformed to 
identify which group compositions differed in overall levels 
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of aggression. A multiple regression model was then 
constructed to examine factors affecting levels of 
aggression. The factors tested in the regression were 
chosen a priori to represent group size and composition 
changes. Statistical analyses were performed using the SAS 
statistical package (11]. 
Results 
Nine different group compositions were housed at Tulsa 
Zoo over the 13 year sampling period; of this nine, only 
five groups had differing adult compositions (Table 1). 
Overall levels of aggression differed among the nine Diana 
monkey group compositions (K=3.73, E=O.0005). Frequency of 
wounding aggression, however, showed no differences between 
group compositions (F=1.14, p=O.337). Tuke y' s a posteri ori 
test indicated three clusters of group composit ions , 
corresponding to low, medium, and high l e v e l s o f a ggression. 
The Tukey's chart was as follows: 
012 022 113 122 130 112 210 131 13 2 
For this diagram, each three digit sequence r epresent s the 
number of males, number of females, and number of immat ures , 
respectively. The group composition which contained one 
adult male, three adult females, and two immature animals 
showed the highest levels of aggression. I classified the 
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group composition with two adult males and one adult f emale 
plus the composition consisting of one adult male, three 
adult females, and one immature together in one cluster 
which exhibited medium levels of aggression. 
Significant relationships existed between levels of 
aggression and group size, the number of immatures, the 
number of adult females, and the interaction between the 
number of immatures and the number of adult females 
(Regression model I=7.2, E=O.OOOl). The number of immatures 
and the interaction between immature animal and adult female 
abundances were linearly related to levels of aggression 
(!=-2.30, E=0.023 and !=3.5, £=0.0006, respectively). The 
overall regression equation was: 
Aggression = 0.24 x Group Size + -0.9 x Number of Adult 
Females + -1.6 x Number of Immatures + 
0.76 x Adult Female-Immature Interaction 
Most aggressive interactions occurred between two or more 
related adult females (55 %). 
Discussion 
Overall levels of aggression differed among the nine 
Diana monkey group compositions; however, when levels of 
wounding aggression were examined, no differences were 
found. Most of the aggressive encounters were without 
injury, indicating that these interactions were primarily of 
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the visual display type (Le. yawns, chases, stare s, etc.). 
Visual threat displays may serve to reduce the risk of 
injury to individuals by thwarting physical confrontations, 
thus lowering the frequency of wounding aggression [12,13]. 
Threat displays have been observed in wild and captive Diana 
monkeys [2, 8, M. Williams, unpubl. data]. 
In general, the data indicated that levels of 
aggression increased with more than one adult fema l e and 
more than one immature animal in a social group. I n 
addition, the group composition consisting of two related 
adult males and one unrelated adult female also exhibited 
high levels of aggression. In the wild, Diana monkeys are 
thought to be polygynous [7-9]; therefore, this composition 
may be unnatural. 
Levels of aggression increas e d a s group compo s i t i ons 
became more complex. Regre ssion analys i s indicate d a l i n ea r 
relationship between levels of aggression and t h e 
interaction between the number of adu l t femal e s and the 
number of immature animals in a group. As me n t i oned in t h e 
introduction, captive Diana monkeys diffe r in attainabl e 
group compositions from their wild counterpart s [7- 1 0]. Du e 
to high levels of aggression and poor rep roductive ou t put, 
these animals are primarily housed in male-female pairs. 
Wild Diana monkeys are not reported to exhibit monogamous 
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behavior; in fact, only one species of Cercopithecus, the 
DeBrazza monkey {Cercopithecus neglectus) , occurs in uni-
male / uni-female groups. However, DeBrazza monkeys only 
exhibit monogamy in a portion of their native range [ 1 4]. 
The endangered Golden Bellied Mangabey (Cercocebus galeritus 
chrysogaster) has also been reported to be diff i cult to 
maintain in captivity due to increased levels of aggression 
with larger group sizes. As with Diana monkeys, this 
species cannot be maintained in group compositions similar 
to those reported for wild populations [Leslie Field, N.A. 
Regional studbook Coordinator and Mangabey sSP Coordinator, 
pers. comm.]. 
Most recorded aggression in the Diana monkey groups at 
Tulsa Zoo occurred between related adult females. This high 
incidence of aggression between rela ted females is 
perplexing due to this animal's polygynou s na tu re i n the 
wild [7-9]. It is assumed that f ema le Diana monke ys do not 
disperse and thus are incorporated into the f ema l e -bonded 
core of the group [7-9, 14-16]. In addit i on, othe r f a ctor s 
not measurable given data limitations, such a s compet ition 
for food and space or reproductive competition, could be 
influencing the observed levels of aggression (15, 17-18]. 
In all of my study groups with multiple related adult 
females, only one female was producing offspring at a time. 
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In fact, the same female would produce all of the offspring 
for the group over a period of years, despite the presence 
of other reproductive aged females. Alth ough there were 
high levels of aggression between adult females within 
groups, the captive population at Tulsa Zoo has been 
reproductively active for nearly 30 years. This is of 
particular importance considering that only one-third o f the 
captive population of Diana monkeys are reproducing [10]. 
The reproductive success of Diana monkeys at Tulsa Zoo may 
be related to the "family" structure of these groups over 
our study period. In all group compositions we examined, 
most of the individuals were related with changes in 
composition only occuring through deaths, bir t hs, removal of 
offspring, or, rarely, the introduction of a new group 
member. The social structure of the s e g roups thu s mimi cs 
the social dynamics of wild groups [7-9]. 
I believe that levels of aggression ma y b e i n f l uenced 
not only by competition among group me mbers in c apt i vi t y, 
but also by the lack of visual barriers in the captive 
environment. Visual barriers allow individual s to concea l 
themselves from other group members. In the upp e r f ores t 
canopy where Diana monkeys reside, animals may no t b e in 
constant visual contact or even close proximity to one 
another. Captive environments, which lack structural 
complexity, may serve to increase stress within the social 
9 
group, causing the number of agonistic interactions to rise 
[19,20]. 
In summary, I found that levels of aggression tended to 
rise as group compositions became more complex. These 
results have particular significance because of the Diana 
monkey's threatened status and the paucity of ecological and 
behavioral data on this species in the wild [21]. Studi es 
of Diana monkeys in captivity can provide valuable 
information for captive managers interested in maintaining 
and breeding this species. These studies may a l so provide 
insight into the species' behavioral ecology in the wild. 
This is particularly true of captive studies which utilize 
long-term data. Future areas of research on Diana monkeys 
should focus on the effects of competition within the 
captive environment. Studies conducte d on large r more 
complex groups may provide insight a s to wheth er competi tion 
for resources such as exhibit space o r f ood, as we l l as 
reproductive competition, act to st r uctur e the s ocial 
dynamics of this species. Also, studies of exhib it 
complexity and the role of visual barriers may p rovide 
guidelines for more efficient captive man agement. 
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Table 1. Compositions of Diana monkey groups housed at Tulsa Zoo from 1983-1995. 
Group Comp # 
2 
3 
4 
5 
6 
7 
8 
9 
# Adult d' 
a 
a 
1 
1 
1 
1 
1 
15 
# Adult ~ 
2 
2 
3 
3 
3 
Immature 
2 
2 
2 
3 
2 
a 
2 
Total 
3 
4 
3 
4 
5 
5 
4 
5 
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CHAPTER III 
BEHAVIORAL PATTERNS AND UTILIZATION OF EXHIBIT SPACE IN 
CAPTIVE DIANA MONKEYS 
ABSTRACT 
Diana monkeys (Cercopithecus diana) are highly 
arboreal, rainforest dwelling guenons native to West Afric a. 
The persistence of this species in the wild i s threa t e n e d 
due to habitat destruction and over-exploitation. In 
addition, its numbers are declining in captivity due t o poor 
reproductive success. To provide additional information for 
successful captive management of this species, behavioral 
frequencies and space utilization data were collected for a 
reproductively active group of Di a n a mon ke ys ho u s ed a t Tul s a 
Zoo (Tulsa, Oklahoma, USA). I det e rmi n e d tha t the mo s t 
frequently occupied area of the exhibit wa s an e nc l o sed 
overhead run connecting the i ndoor and outdoo r e xhibits . I n 
addition, the monkeys most often occ upied a r bore al e xhibit 
structures. The female and the infants we r e the mo s t 
gregarious, while the adult male and the j uve nile female 
were the most solitary. The adult male and the juvenil e 
female were involved in more agonistic encounters, 
indicating that the adult male was the most dominant 
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individual while the juvenile female was the most 
subordinate (as determined by the rate and direction of 
aggressive interactions). These results support behavioral 
patterns documented in both captive and wild studies. These 
types of captive studies may provide useful information for 
the conservation of a species, particularly in the absence 
of field data. Captive studies can aid in our understanding 
of rare, elusive, or inadequately studied animals by 
bridging gaps in previously acquired behavioral and 
ecological data. 
INTRODUCTION 
Diana monkeys, Cercopithecus diana, are highly arboreal 
guenons native to primary and secondary rainforests of 
Sierra Leone, Southeast Guinea, Ghana, Ivo ry Coas t, a nd 
Liberia. This species is currently threat e n e d with 
extinction in the wild due to habitat de struction and ove r-
hunting [Sanderson, 1957; Bourliere et a l ., 1970; Wolfhe im, 
1983; Davies, 1987; Oates, 1988; Nowak, 1991; Oa t e s, 1 996]. 
Diana monkeys have been maintained in captivity for over 50 
years [stevenson, 1993]; however, the captive population is 
declining due to poor reproductive success. Suppleme n t ing 
this declining population with wild stock is not feasibl e 
due to the Diana monkey's CITES Appendix I status and 
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African governmental restrictions on the trade of this 
threatened species [stevenson, 1993]. 
Few studies have been conducted on Diana monkeys [Byrne 
et al., 1983]. In fact, much of the information on its 
ecology and behavior in the wild has come from studies where 
this type of data or this species was not the primary focus 
[Bourli~re et al., 1970; Davies, 1987; Oates and Whiteside s, 
1990]. Field observations have shown that Diana monkeys are 
diurnal frugivores that live in harem or polygynous groups 
in the mid to upper canopies of West African rainforests 
[Bourliere et al., 1970; Oates and Whitesides, 1990; Hill, 
1994]. 
Studies conducted in captivity may provide insight into 
the natural behavior and ecology of animals in the wil d and, 
thus, become valuable tools for field biolog i st s s t udying 
animals in their natural setting. Cap t ive s tudies c a n al s o 
provide managers with knowle dge enabling them t o f ormu l a t e 
solid management practices related t o exhibit 
characteristics, husbandry, and enrichment [Ei s e nberg a n d 
Kleiman, 1977; Kawata, 1980; Byrne et al., 19 83]. Si n c e 
Diana monkeys are listed as a threatened spe cies [Oat e s , 
1996] and are the focus of a "Species Survival Planu in 
captivity, the maintenance and growth of current c ap tiv e 
populations is necessary for the persistence of this 
species. To develop optimal captive management practices 
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for the Diana monkey, it is essential that mor e studies on 
behavior and ecology be conducted in the wild. Furthe r, 
successful groups in captivity must also be the focus of 
scientific investigations to address questions pertaining to 
reproduction, management practices, and health of Diana 
monkeys in the captive environment [Byrne et al., 1983]. 
Tulsa Zoo (Tulsa, Oklahoma, USA) has exhi bited Diana 
monkeys since 1963. Currently, Tulsa houses a reproductive 
pair with several of their immature offspring. The 
objectives of this study were twofold. My first objective 
was to determine bow this reproductively active group was 
utilizing their exhibit space. My second objective was to 
examine the behavioral repertoire of Tulsa Zoo's Diana 
monkeys to determine how they allocate their time in 
captivity. In addition, my findings we r e c omp a r e d to those 
of previously published wi l d and c a p t ive s tudi es . Becau se 
low reproductive success has been docume nt e d i n c a ptivity 
[Stevenson, 1993], information on the Tulsa Zoo group ma y 
provide valuable insight for managers of reproductiv el y 
inactive groups. 
MATERIALS AND METHODS 
Study Subjects and Facilities 
At the start of this study, Tulsa Zoo housed a socia l 
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) 
group consisting of: one adult male, one adult female, and 
two immature offspring (one male and one female). One year 
after our study began, a third offspring (female) was 
produced and, shortly thereafter, one of the older immatures 
(juvenile female) was transferred to another zoo. All of 
the animals in our study were born in captivity, with the 
possible exception of the adult female (Table 1). 
The Diana monkey exhibit at Tulsa Zoo is made up of an 
outdoor area (7.62 m x 2.13 m x 2.44 ml, enclosed on the top 
sides are concrete block and wood. One side wall of the 
, ~ 
,j 
) 
and public side by chain-link fencing. The remaining three 
outdoor exhibit is shared with siamangs (Symphalangus 
syndactyl us) and the other side wall is shared with Celebes 
macaques (Macaca niger). An overhead run (1 m x 1.5 m x -1 
m) connects the outdoor area with an indoor a rea. The 
indoor exhibit (5.49 m x 2.44 m x 3.05 m) i s front e d with 
glass for public viewing and has concre t e block wall s and 
ceiling (Figure 1). Cage furnishings for both indoor and 
outdoor areas consisted of: wooden platform ledges , tr ee 
limbs and logs, rocks, and ropes. The indoor are a is 
equipped with sky-lights to provide natural li ghting. During 
this study, animals were given access to both indoor and 
outdoor areas most of the time. Only when the exhibit was 
being cleaned or the temperature was below freezing were the 
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animals excluded from a particular area. 
Data Collection 
Data were collected from October 1994 to May 1996 using 
instantaneous scan and instantaneous focal sampling [Martin 
and Bateson, 1993; Lehner, 1996 ]. A total of 161.5 hours 
of behavioral data were collected. A minimum of 14 hours of 
behavioral data and 70 hours of locality data were collect ed 
for each individual. For all statistical analyses 
performed, I standardized these data by the number of 
observations. I created an ethogram of behaviors from pilot 
observations made in August and September 1994 (Appendix). 
,) 
This ethogram was used to characterize behaviors and 
contexts of the behaviors (i.e. agonistic, social or 
solitary) of focal animals throughout the s tudy. The f o cal 
animal was considered "social" in cont ext i f there was a 
partner near or interacting with it. For example, if the 
focal was involved in a grooming inte raction with anothe r 
individual, the context would be "social". The b ehavior, in 
this instance, would be groom. The context was considered 
"agonistic" if the focal animal was involved in aggress ion 
or was submissive. The partner in these types of 
interactions was recorded as well. The context "solitary" 
was used if the focal animal was alone and was not 
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interacting with a partner. For focal animal sampling, data 
on context and behavior were recorded at 30 second interval s 
for 10 minutes. The order of focal observations was 
randomized prior to data collection. 
I divided the exhibit into seven zones: three inside, 
three outside, and the overhead run (Figure 1). These zo ne s 
were further subdivided into areas based on exhibit 
structures. Immediately following the focal sample, an 
instantaneous scan sample of the exhibit was made and the 
location (zone and cage furniture) within the exhibit of 
each group member was recorded. If an animal was located 
between two zones during a sample, the zone containing the 
largest proportion of its body was recorded. 
Data Analyses 
Space Utilization: The instantaneous scan s amples o f 
locality were used to characterize the Di a na group' s use of 
exhibit space. A frequency analysis was p e rfo r me d to 
examine how each individual utilized the exhibit. Sp earman 
Rank Correlations were used on the ten most commonly 
utilized areas to determine if a particu lar indivi dua l ' s u se 
of exhibit space correlated with any other individual' s u s e. 
Spearman Rank Correlations were used bec ause data did not 
meet assumptions of normality. The ten most commonly 
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utilized areas of the exhibit were used for this test to 
avoid spurious results due to rarely utilized areas, and the 
individual correlations were Bonferroni adjusted to reduce 
the probability of Type-I error [Sokal and Rohlf, 1994]. 
Chi-square tests were used to analyze a s eries of I~ 
questions pertaining to exhi bit use. First, I wanted to 
determine if the most frequently occupied area within the 
exhibit was used by all group members equally. Second, I 
tested whether the group members used arboreal or 
terrestrial structures most frequently. For this analysis I 
combined all structures above the ground into an "arboreal" 
category and the ground or floor of the exhibit into a 
"ground" or terrestrial category. A test was also performed 
to see if there were seasonal differences in arboreality. 
Finally, I examined whether the an i mals u t i l i zed indoo r or 
outdoor areas most frequently. This r e l at i on s h ip was als o 
tested for seasonal differences. 
Behavioral Patterns: Focal animal samples were u s ed to 
analyze behavioral patterns within the Diana monkey group. 
A chi-square test was performed to determine i f all of the 
animals in this social group exhibited similar behavioral 
frequencies. A second chi-square test was used to d e t e rmine 
if there were differences in contextual frequencies. 
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Seasonal differences in contextual frequencies were also 
tested. The effect of time of day (morning or afternoon) on 
behavior was also examined with a chi-square test. A 
McNemar Symmetry Chi-square test [Sokal and Rohlf, 1994] was 
then used to determine which individuals were most often 
involved in agonistic interactions. Finally, I examined how 
aggression related to the age and sex of immature animals. 
RESULTS 
Space Utilization: A list of the ten most commonly utili zed 
areas within the exhibit by individual was compiled (Table 
2). Spearman Rank Correlations were then used to determine 
if any individual's use of space was associated with another 
group member's use of space (Table 3). There was a 
significant correlation of exhibit use between t he a dult 
female and the two infants (K=O.77 and 0.78, p <O.Ol) The 
most frequently occupied area of the exhibit by a ll 
individuals in the group was the overhead run, which 
connects the indoor and outdoor areas. However, this 
overhead run was not used by all group members equally 
(X2=2823, p<O.OOl). The juvenile female used thi s are a 
least frequently, while the adult male utilized thi s area 
most frequently. When the overhead run was excluded from 
the analysis, the animals still showed preferences for 
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certain areas (Table 2; X2=1759, p<O.OOl). 
Tulsa's Diana monkeys most often occupied arboreal cage 
structures (X2=1334, p<O.OOl). The most terrestrial group 
member was the juvenile female (Figure 2). No significant 
seasonal effects were found for arboreality. I also 
determined that animals spent more time in the indoor 
portion of their exhibit (X2=110l, p<O.OOl). There were 
significant seasonal effects, with indoor areas occupied 
more in the winter and outdoor areas occupied sl i gh t ly more 
in the summer (X2=48, p<O.OOl). 
Behavioral Patterns: The monkeys in this social group did 
not behave with similar frequency (X2=9070, p<O.OOl). The 
adult animals were involved in aggressive interactions more 
frequently than the immatur esi the adult ma l e was i nvo l v e d 
in the most non-contact aggressive inte ract i ons (vi s ual o r 
threat displays) while the adult female had t h e hi ghes t 
frequency of contact aggression within the group. The 
juvenile female exhibited more submissive behaviors, 
followed by the oldest infant male. Play b ehavior was 
exhibited with similar frequency among all of t he i mmature 
animals and was rarely exhibited by adults. In fact, the 
adult male was the most idle or inactive group member, 
followed by the adult female. The adults and the juvenile 
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female were involved in grooming interactions with similar 
frequencies. The adult male exhibited the highest frequency 
of grooming interactions, while the two infants showed the 
lowest frequencies. The adult male was the recipient of 
grooming from the adult female and the juvenile fema l e. 
Just as often, the adult male was observed grooming these 
two individuals. The juvenile female spent the most time 
foraging, followed by the oldest infant male. The adult 
female vocalized most frequently, followed by the juvenile 
female. 
Individuals differed in the contexts of their behaviors 
(X2=2680, p<O.OOl). The infants and the adult female were 
the most social animals while the adult male and the 
juvenile female were the most solitary. The adult male was 
involved in the most agonist i c encounters, f ol l owe d by t h e 
juvenile female. Agonism included both aggressi v e and 
submissive interactions. When seasonal d i ff erences i n 
context were tested, a significant e f f ect wa s found (X2=516 , 
p<O.OOl). Animals were more agonis t ic in the wi nte r a nd 
solitary most often in the spring. In the winte r months , 
Diana monkeys were confined to the indoor po r t i on o f t h e i r 
exhibit when temperatures fell below freezing. Social 
interactions were lowest in the spring. 
Behaviors of the group differed by time of day (X2=162, 
p<O.OOl). Play behavior was most common in the morning 
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while animals were more idle in the afternoon. In general, 
animals appeared to be more active in the morning than in 
the afternoon. 
Certain individuals were involved in aggression more 
often than others (X2=23, p=0.012). The adult male was most 
frequently involved in aggressive interactions with the 
juvenile female and the infant male. The adult female was 
most often involved in aggressive interactions with the 
juvenile female. Following this test, I graphed the 
relationship between the age and sex of an immature and the 
number aggressive interactions (Figure 3) . 
DISCUSSION 
Kawata [1980] studied Diana monkeys at Tulsa Zoo and 
determined that they were arboreal 95 % o f the time . I f ound 
that the current group was also arboreal a l a r ge percen tage 
of the time (84 %; Figure 2). Zucker e t al. [198 8 J found 
similar patterns for a group of Diana monkeys housed at 
Audubon Zoo. In the wild, these monkeys occur in th e uppe r 
canopies of primary and secondary rainforest s [Bour l i e r e , 
1970]. Animals occupied the indoor portion of the exhib i t 
more frequently in the winter months. This could large ly b e 
due to the fact that these animals were locked indoors 
during periods of freezing temperatures. Also, keepers 
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often fed the animals indoors when temperatures were cold 
but not below freezing. Agonistic interactions among group 
members were highest during the winter months. This is 
likely due to the groups confinement to the indoor area when 
temperatures were freezing. Studies by Nieuwenhuijsen and :~ de Waal [1982] and de Vries and Taylor [1989] also 
documented the effects of crowding on increasing agonistic 
interactions. 
The area of the exhibit most often occupied by all 
group members was the overhead run. More frequently 
utilized areas within an exhibit usually contain qualities 
such as better vantage points, better resources, etc. 
[Traylor-Holzer and Fritz, 1985]. The overhead run is 
elevated above the ground and provides the animals more 
privacy from the public than any other are a o f the exhibit. 
It is also the greatest distance away from the public 
viewing areas of both indoor and outdoor faciliti es . This 
area sits directly above the keeper access hallway, 
providing the animals with a van t age point to watch a keep e r 
approach as well as providing the animals visual contact 
with their neighbor's (Celebes macaques) overhead run. I 
determined that the adult male utilized this area more 
frequently than any other group member, while t he juvenile 
female was the group member which utilized this area the 
least. This could be due to the low rank of juvenile 
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animals within the social group [Byrne et al., 1983] as 
evidenced by the direction of a majority of the aggressive 
interactions within my study group. Therefore, it is 
possible that the juveni l e female was actually excluded from 
this "preferred" area. 
Byrne et al. [1983], Zucker et al. [1988], and Kawa ta 
[1980] all found that the adult male was the most dominant 
individual in captive Diana monkey groups. This study 
supported their findings. The adult male not only utilized 
the overhead run most frequently, he also instigated more 
aggressive interactions than any other group member. The 
juvenile female exhibited submissive behavior most 
frequently and received more aggression than any other 
member of the group. Byrne et al. [1983], in a study of 
captive Diana monkeys at Edinburgh Zoo, found t hi s pa t tern 
to be true for his study subjects a s we ll. I n c himpan zees 
(Pan troglodytes), Nieuwenhuijsen and de Waal [1982] 
demonstrated that juvenile females were the most a t ta cke d 
age-sex class while adult males were the most a ggr e s sive 
(dominant) age-sex class. In addition, my study found that 
the adult male and the juvenile female were the most 
solitary and peripheral group members, also supporting the 
findings of Nieuwenhuijsen and de Waal [1982J and Byrne et 
al. [1983]. 
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The adult individuals were involved in aggressive 
interactions more frequently than immature animals. Much of 
this aggression was directed toward immature animals, 
especially the juvenile female and the infant male. The 
adult male was involved in more non-contact or display 
aggression (i.e. yawn threats, mock chases, displays, star e 
threats, etc.) than any other group member. The adult 
female was involved in more contact aggression (i.e. grabs, 
bites, etc.) than any other group member. Zucker et al. 
[1988} discussed similar findings for a Diana group housed 
at Audubon Zoo. Likewise, Hill [1994] found that Diana 
monkeys in the wild exhibited this same pattern. During a 
territorial dispute with another group, males would stay in 
the trees and display to each other while the females and 
sub-adults were likely to chase and exhibit phys i ca l 
aggression toward the offending group. 
The rate of aggressive interaction s dire c ted t owa rd 
juvenile animals in the current study incre a sed a s these 
animals aged (Figure 3). The oldest infant mal e r e ceived 
the highest level of aggression. Byrne et al. [1 983 ] 
documented increases in aggression betwe en adults and 
offspring from age 5-6 months. Aggression dire cted in 
higher frequencies toward the infant male could be related 
to dispersal patterns for this supposedly female-bonded 
species. It is assumed that Diana monkey groups in the wild 
30 
'--. I~ 
~ 
.. 
' ''4 
~ 
.. 
. ) 
1 
.,. 
f 
". , .. 
) 
... 
~ 
::; 
.) 
'. '~ 
,f 
'. ,. 
consist of a female-bonded core with juveniles and adult 
males as peripheral group members [Byrne et al., 1983; Hill, 
1994] . In this type of social system it is assumed that 
male offspring are most often the individuals that disperse 
out of the natal group [Shields, 1987]. Natural dispersal 
of offspring from the natal group is not possible in the 
captive environment; therefore, it is feasible that this 
inability to escape or leave the social group at the correct 
.. ~ 
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stage of development may cause increases in aggression and 
crowding of the exhibit if new offspring are being produced 
[Nieuwenhuijsen and de Waal, 1982]. A survey conducted by 
Tulsa Zoo in 1995 of international zoos housing Diana 
monkeys revealed that juvenile male offspring were more 
often removed from social groups than were female offspring 
(average age of immature removal for both mal es and fema l es 
was 2.4 years). Oates and Whitesides [1990] d o cument the 
departure of juveniles from several wild g roups ye t fai l to 
mention the sex of these individuals and t h e causes of thei r 
departures (i.e. increases in aggression direct e d toward 
these individuals by the social group, death, illness , 
etc.). The gender of an immature Diana monkey is diff i cu l t 
to determine. Stevenson [1993] provides measurements for 
the distances between the anus and penis or vagina of 
immature Diana monkeys. Without a close inspection of an 
animal, which would require the animal to be caught, it is 
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almost impossible to ascertain its gender. 
The highest frequency of social behaviors observed 
within the group occurred between the infants and the adult 
female. The infants also showed significant overlap in use 
of exhibit space with the adult female. Byrne et ale [1983] 
found that infant Diana monkeys are responsible for 
maintaining social contact with the adult female and other 
group members. It should be noted that I recorded the adult 
female as social in her behavioral context if she and he r 
infant were in contact. However, Nieuwenhuijsen and de Waa l 
[1982] recorded an adult female as solitary in context if 
she was with her infant. This is a controversial and 
debatable topic; however, I feel that the female is often 
behaving socially when with the infant due to her probable 
awareness of the infant's presence on or near her and he r 
acquiescence to its presence by not moving a wa y or 
discouraging the infant (i.e. threat, bite , etc .). 
In contrast to Byrne et ale [1983] and Zuc ke r e t al e 
[1988], I found that the adult male was f requ ently invo l v e d 
in grooming. This is congruent with the findi n gs of Kawata 
[1980] . In chimpanzees, Nieuwenhuijsen and de Waal [1982] 
speculated that grooming served to alleviate tension within 
the social group and, therefore, offset aggression. The 
individuals most often involved in grooming within our study 
group were the adults and the juvenile female. These 
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individuals were also most often involved in aggressive 
interactions. Individuals least involved in grooming were 
the infants. Infants were groomed most often by the adult 
female and rarely participated in the grooming of any group 
member. Similar patterns were observed by Byrne et al. 
[1983] . 
I observed two additional behavioral patterns that were 
similar to previously reported findings. Calling, or 
vocalizing behaviors, were most frequently exhibited by the 
adult female, followed by the juvenile female. Hi l l [1994] 
documented that in wild Diana monkey groups, females were 
most likely to participate in territorial calling bouts. In 
addition to the above pattern, the juvenile female spent 
more time foraging than any other group member followed by 
the infant male. These individuals are ofte n the lowest 
ranking group members [Byrne et al., 1983J a n d a r e li kel y to 
be excluded from food resources during f eeding. These 
monkeys must therefore spend more t i me foraging for food 
than more dominant individuals who can monopoliz e clumped 
food resources and resource rich areas [Brent a nd Ei chbe rg, 
1991]. 
In summary, I found that the captive group of Diana 
monkeys housed at Tulsa Zoo exhibited several behavioral 
patterns previously documented in other captive and/or wild 
groups. These monkeys utilized arboreal structures within 
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the exhibit most frequently. This parallels the findings of 
other captive studies [Kawata, 1980; Byrne et al., 1983; 
Zucker et al., 1988] and the limited field studies 
[Bourliere et at., 1970}. Wilson [1982] documented the 
importance of considering the natural behaviors and ecology 
of animals when designing their captive environment. Due to 
the highly arboreal tendencies of Diana monkeys, captive 
managers should attempt to maximize the amount of vertical 
space within an exhibit. 
The social structure of my group was similar to that 
documented for a captive group of Diana monkeys housed at 
Edinburgh Zoo [Byrne et al., 1983]. However, Kawata [1980] 
cautioned that captive groups may be unnaturally smaller 
than wild groups and often contain differing, artificial 
group compositions; therefore, it i s possible tha t these 
variations in group size and composition may affect no rmal 
behavioral patterns of this species. My group of Diana 
monkeys most frequently used the exhibit a r e a which provided 
the most isolation from the public and the most keep e r 
visibility (overhead run). de Vries and Taylor [1989] 
speculated that animals in constant view of the publi c may 
exhibit higher levels of aggression. Providing animal s with 
a private area, an adequate distance away from the public, 
may serve to reduce aggression within the group. It is 
becoming increasingly evident that the quality of an exhibit 
34 
4 
~ 
I 
) 
. 
-4 
-. 
and its structures, taking into account the natural ecology 
and behaviors of the animal, are essential for stimulat ing 
the natural behavior patterns of the animal. Exhibit 
quality can also be a valuable tool for conservation efforts 
by potentially increasing reproductive success [Clarke et 
al., 1982; Wilson, 1982; Traylor-Holzer and Fritz, 1985]. 
Studies conducted in captivity can provide valuable ·1 
insight into the behavioral ecology of animals in the wild. 
These types of studies, together with field studies, may be 
utilized by captive managers in the development of 
conservation efforts. In some cases, when field data are '. ~ 
limited, these studies can be used to approximate missing or 
unknown data; however, this use of captive data should b e 
approached with caution. Most captive studies are limited 
in that only one social group may b e ava ilable fo r 
observation, and manipulating the composition and s ize of 
social groups or the exhibit is usually not p o ssib le . 
Further studies on Diana monkeys in captivity a nd in t he 
wild will be essential to formulate an e f fe ct i v e 
conservation plan for this highly threatened spe c ies . 
CONCLUSIONS 
1. I found that many behavioral/spatial patterns fo r a 
captive group of Diana monkeys supported those of previously 
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documented groups, both captive and wild. 
2. Due to this species' arboreal nature and preference for 
arboreal structures in the captive environment, I feel that 
managers of this captive species should maximize the amount 
... 
',., of vertical space in exhibits. 
3. The literature is depauperate for this highly threatened 
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species of guenon; therefore, more field studies should be 
conducted to gather data on its behavior and ecology. 
4. When field data are lacking, captive studies can be used 
to provide information on behavior and ecology, if the 
limitations of these studies are fully understood. 
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TABLE 1. Diana monkeys at Tulsa Zoo during the time of this 
study (October 1994 to May 1996). 
Individual Birth Origin 
Adult Male April 1987 Tulsa Zoo, OK 
Adult Female l Est. August 1976 Natural Bridge Zoo, VA 
Juvenile Female2 July 1993 Tulsa Zoo, OK 
Infant Male2 September 1994 Tulsa Zoo, OK 
Infant Female 2 July 1995 Tulsa Zoo, OK 
ITulsa Zoo acquired the adult female from Jacksonvill e Zoo 
in October 1991. 
2All juveniles and infants are the offspring of the adult 
male and adult female listed in this table. 
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TABLE 2. The ten most commonly utilized areas by each 
individual, standardized. by the number of observations . 
These numbers represent counts of each individual in a 
particular area. 
Area Adult r:! Adult ~ Juvenile ~ Infant r:! Infant ~ 
IG 532 972 989 918 739 
2G 752 817 748 1002 414 
3G 519 767 980 867 497 
AL 816 1310 860 1165 11()4 
AT 737 1134 1002 980 6 41 
BL 1024 679 895 789 4 OJ. 
BT 585 1437 845 1124 976 
CL 533 535 891 1032 537 
CT 278 180 846 752 516 
OR 8539 7161 35 5 4 5136 8 3 3 3 
Note: The first digit or lette r unde r the c ategory " are a " 
corresponds to divisions within the e xhibit as p e r Fi gure 1. 
The second letter corresponds to the structure or cage 
furniture: G=Ground, L=Ledge, T=Tree, OR=Ove r h ead Run . 
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TABLE 3. Matrix of Spearman Rank Correlation Coefficients 
using the 10 most commonly utilized areas by individual. 
Each cell in this matrix represents R, the correlation 
coefficient. 
. ..
11 ADT-d' ADT-~ JUV-~ INF-d' INF-~ '" 1 
ADT-d' 1.000 
ADT-~ 0.552 1.000 
JTN-~ 0.188 0.273 1.000 
INF-d' 0.564 0.770* 0.042 1.000 
INF-~ 0.236 0.782* 0.309 0.758 1. 000 
* Significant relationship (p<O.Ol) . 
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FIGURE 1. Diagram of the Diana monkey exhibit at Tulsa Zoo. 
Indoor and outdoor area subdivisions (zones) used in space 
utilization analyses are illustrated (indoor = A, B, and Ci 
outdoor = 1, 2, and 3; overhead run = OR). 
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FIGURE 2. The amount of time each individual spent arboreal 
versus terrestrial (ADM = adult male, ADF = adult female, 
JUVF = juvenile female, INFM = infant male, and INFF = 
infant female). 
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FIGURE 3. The number of aqqressive interactions for immature 
animals of varying age and sex. 
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CHAPTER IV 
SYNOPSIS 
When past groups of Diana monkeys housed at Tulsa Zoo 
were examined, higher levels of aggression were attribut ed 
to group compositions which contained multiple adult females 
and immatures. Most of the aggressive interactions, 
however, occurred between related adult females (55 %, 
CHAPTER II). Diana monkeys in the wild are thought to 
consist of uni-male, multi-female troops with their 
associated offspring. The dispersal pattern of immature 
Diana monkeys is thought to be male-biased which would lead 
one to believe that females in wild groups are related. If 
this is the case, the high occurre n ce of a ggress ion b e tween 
related adult females in captivity i s p e rpl e x ing and 
warrants further study. A survey conducted b y Tul s a Zoo i n 
1995 found that adult pairs had a highe r reproduc t i v e 
success in captivity than did harem g r oups . Studies of 
larger harem groups could determine whether compe tit i on for 
reproduction occurs in this species. These studies c ould 
also be used to determine what role competition for s pace 
and resources have on the social dynamics and success of 
captive groups. 
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The data presented in Chapter III of this thesis 
support the findings of previously published studies 
conducted on Diana monkeys. 
highly arboreal primates. 
Diana monkeys in the wild are 
Tulsa Zoo's current group (1 994-
1996) was also highly arboreal, spending approximately 84 % 
of their time off the ground. The social dynamics o f the 
current group strongly resembled other captive groups fo r 
which data were available. The adult female and infants 
were the most social or "core" group members while the adult 
male and juvenile female were the most solitary and 
peripheral. The adult male was the dominant group member 
and the juvenile female was the lowest ranking, most 
subordinate, group member. The rank of an individual was 
determined by the rate and direction of agonistic 
interactions. The adult male and juve nil e f ema l e we r e 
involved in agonistic encounters mo s t f r e quent l y. Th e 
juvenile female was the rec i pient of mo s t of t h e aggr e s s i on 
within the group. As juveniles and infants aged , agg r ess ion 
directed towards them increased (CHAPTER III, Fi g u r e 3 ). 
Knowledge of the behavioral ecology o f Di a n a mon ke y s i n 
the wild is limited. Future directions for research on this 
threatened primate should focus on field observations . 
These studies would provide captive managers with va l u ab l e 
information pertaining to the social dynamics of wild 
groups, thus, allowing a better understanding of 
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reproductive and social requirements of th i s species in 
captivity. Until this information becomes available, it 
appears that Diana monkeys may need to be maintained in 
smaller groups if increasing the reproductive success and 
decreasing competition and aggression is to be attained. 
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APPENDIX 
Diana Monkey Ethogram 
Contexts: AGG=Agonistic, SOC=Social, SOL=Solitary 
Behaviors to be recorded for this study: 
CODE 
AGe 
AGN 
BEHAVIOR DEFINITION 
Aggressive Contact Hit, bite, or grab (specify). 
Agg. Non-Contact 
Hit=animal swings arm and 
impacts with another individual. 
Bite=animal bi t es another 
individual causing the 
individual to vocalize. 
Grab=anima l reaches out and 
clutch e s a nothe r a nimal. 
An animal chas e s/di s p la ys 
another or thr e a ten s ano t h e r 
animal with a h e ad b ob, yawn, 
stare, or grin (specify). 
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SUB 
COP 
PLA 
NUR 
CTI 
CTO 
IDL 
Submissive 
Copulation 
Play 
Nurse/Suckle 
Carry/Hold Infant 
Carry/Hold Object 
Sleep/Rest/Idle 
An individual avoids or flees 
from another animal or lipsmacks 
in response to a threat. An 
animal may present to another 
animal by turning its buttocks 
toward the face of another 
animal. 
Animals are seen to mount and 
thrusting is observed. Name 
partners. 
Wrestle, gymnastics, or chase 
without aggression. Indicate 
whether s ocia l or s o l itary and 
participants. 
Indicate partner. 
Who/What is b e ing carri e d and by 
whom? 
Animal is lying down or sitting 
and is not exhibiting any othe r 
type of behavior. 
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MAN Manipulate/Examine Animal is holding/manipulating 
TRA Travel 
WAT Watch 
GRM Groom 
FOR Food/Forage/Water 
CON contact 
an object with interest. The 
manipulation is by sight, smell, 
or touch. 
Animal is moving from one place 
to another. 
Animal is intently watching or 
staring at another animal or 
person. Specify who is being 
watched. 
Context can be SOC or SOL. 
Animal grooms se l f o r a g roup 
member. Gi ve d i r e c tion o f t h e 
interaction. 
Animal eats, drinks, man ipulates 
enrichment for food (re wa r d), or 
catches insects. 
Animal touches or embraces 
another animal. Specify partners 
and direction of interaction. 
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FOL Follow 
APP Approach 
VOC Vocalize 
DIS Display 
BAD Bad Observation 
Animal follows directly behind 
another individual while 
traveling. Speci fy who is being 
followed. 
Animal walks directly up to o r 
purposely walks toward another 
animal. Specify who is being 
approached. 
Animal vocalizes. 
Aggression not directed toward 
another individual. An 
attention ge t t ing b e h a v i or. Fo r 
exampl e : Adult ma l e run s from 
tunnel to i nsid e l e dge , jumps to 
tree branch and c a u ses b ranch t o 
hit against the cage roo f 
producing a loud thud. 
When animal is out of vi e w o r 
the behavio r or identity o f an 
animal is undeterminable at that 
instant. 
56 
OTH other 
RET Retrieve Infant 
Aberrant behaviors or behaviors 
that are unusual and have no 
known biological significance. 
Ex. Begging, drinking urine, or 
eating feces. Specify or 
describe behavior. 
Adult female picks up infant, or 
travels to retrieve infant in 
distress. 
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